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Fig. 1 The synthesis pathways for (a) 4-armed PEG-b-PDLA and (b) 4-armed PEG-b-PLLA copolymers
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9 KUAR LA - DU 3 £ -3 TR S8 I8 S MR S 453 i o T H: 245 ) 1% i P g 1267

SR o

|
f

THF

4-armed PEG-5-PDLA  4-armed PEG-b-PLLA

Intracellular drug release

Stereocomplex system

DOX-loaded micelle

Fig. 2 Schematic illustration of stereocomplex between enantiomeric 4-armed PEG-PLA copolymers,

DOX loading, DOX-loaded SCM endocytosis and intracellular DOX release principle
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Fig. 3 (A)'H-NMR spectra (in CDCl;) and (B) GPC chromatograms of (a) 4-armed PEG-b-PDLA and(b) 4-armed PEG-b-PLLA
Table 1 Characterization of 4-armed PEG-PLA enantiomeric copolymers
Sample Feeding molar ratio® Total DP of LA" M,* M,* PDI*
4-Armed PEG-b-PDLA 1:20 27 11900 25100 1.05
4-Armed PEG-b-PLLA 1:20 28 12000 29300 1.17

* Feeding molar ratio of macroinitiator/LA ; " Determined by] H-NMR, and shown as the total DP of four arms; © Determined by GPC
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Fig. 4 Typical TEM micrographs and D, (inset) of (a) PDM, (b) PLM and (c¢) SCM
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0.052 F10.045 g L' (& 5) . 4 F oo — g
H LR A AU BB AR I8 /N L CMC AR Y

PO UL G RS H BN BUR B O AR e

S T AR R SR T I Y SCT, X R T S
(4 JE RORE S #E4T T FTIR .DSC A1 XRD 3t 7£41
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Fig. 5 Intensity ratios ( I3;5/13 ) as a function of

logarithmic concentrations of PDM (PLM and SCM
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Fig. 6 FTIR spectra of lyophilized PDM, PLM and SCM
from 2100 to 1500 cm ™'
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i
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Fig. 7 DSC profiles of lyophilized PDM, PLM and SCM

I

20(%)

Fig. 8 XRD profiles of lyophilized PDM, PLM and SCM
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Table 2 Properties of 4-armed PEG-PLA micelles PEI25k ;:I\:f"ﬁ:?% E(J gEH H@ E@ﬁ{£$ﬁfffﬁ Li@%%-‘mﬁ
0 b i mie DE ) PEG-PLA Rk RUAT B RN R B T DL
()" o) L) () ON) g 5 R 25 4 R 1
PDM 105 £4.3 225 +3.7 0. 063 10. 68 59.79 .
PLM 96 +3.6 222 +4.2 0. 052 12. 15 69. 15 ﬁlﬁg
SCM  87+3.9 1983.4  0.045 12.57  71.89 2 24 I AR X HepG2 1 1929 41 Jifd (1) 184 4 411 1hi

* PDM, PLM and SCM represented 4-armed PEG-b-PDLA and 4-
armed PEG-b-PLLA micelles, and 4-armed PEG-b-PDLA/4-armed
PEG-b-PLLA stereocomplex micelle, respectively. " Determined by
TEM; ° Determined by DLS

90 |
S
< 60t
2
2
o
5 30}
)
0 n
0 20 40 60
Time (h)

Fig. 9 The release curves of PDM/DOX, PLM/DOX, SCM/
DOX and DOX

2.4 {HBEHE AR AR5 2E B SE D

RAF A A S R DTSR R G R N 2
AR W 48 Sk 2 — Y R AR SO Sl MTT
I E 52 JE AR i % HepG2 1 1929 4 ifd 1) R 4 114
FZE. WA 10 FR el E R 1.0 g L'
AT M VR B G LN, 5 PDMPLM T SCM. 3k 5%
F272 hfF 2 %0 40 ML 0 A7 15 R B TE90% LU -, 5

a
90 W‘
S
o
E 60f
=
S —o—PDM
—o—PLM
30 L—2—SCM
——PEI25k

1072
Concentration (g L™

Fig. 10  In vitro cytotoxicities of PDM, PLM and SCM toward (a)

incubation for 72 h

Data were presented as mean + standard deviation (n=3).

A8 7 [FIBE o MTT A& D0 SFAk . an i 11 frs , 32y
R a DOX 5 HepG2 41 g 3L 1% 5% 24 h J7,3 F
28024 5 A T 240 R 1 4400 7 B2 0 AH >, DOX R
o o 1Y) 20 L B M T 2 BE SR )R] E K & 48 h A
SCM/DOX X§ HepG2 4fi Jfd ¥y 1% 78 411 il /E FH BH &,
LG R A IR 2, DOX &% Al 22 . 40 i 14
B AT BB 7 5 3 24 e R AR T A O IR R AR
FE 20 A 245 4 R ICER /D T 3 3 0 A N A R A4
JL, T LA Rk S B 245 W A i Jg 40 ML DY Y R 2 R
B IFAE A B I 8] P TS RE 24 45 20 D D 245 4 vk i
TEA RN A, DT 3 S80I 33 20 B 90 . 2 24 SR
K DOX > B0 i B vk BE (1C,, s ) % 46 I I %71
AF 3. 55— d M DOX #H kb, SCM/DOX %}
HepG2 21 is B A AR 1C,, {H. X & s bk ] 1
SCMAE y Hi i ia 25 W AR W At 3. 5 4h L, 5
Table 3 ICyys of DOX-loaded PLM, PDM and SCM, and DOX
against HepG2 and 1.929 cells after incubation for 24 h or 48 h

HepG2 cells (mg L™') 1929 cells (mg L™")

Entry*
24 h 48 h 24 h 48 h
PDM/DOX 2.48 1. 66 4.59 1.93
PLM/DOX 3.02 1.99 4.75 2.26
SCM/DOX 2.36 0.97 3.86 1.18
DOX 3.15 3.25 1.63 3.24

“ PDM/DOX, PLM/DOX and SCM/DOX represented DOX-loaded
PDM, PLM and SCM, respectively.

b
;, S - Z, X b % x
&= T I k4 T -
90 B
S
z
% 60
-
3
O ——PDM
—o—PLM
30k =—scm
——PEI25k

1072
Concentration (g L™

HepG2 and (b) 1929 cells with PEI25k as positive control after
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Fig. 11

(a) 24 and (b) 48 h

Data were presented as mean =+ standard deviation (n =3).

100

75+

Cell viability (%)

—o— PDM/DOX
—o— PLM/DOX
50 ——SCM/DOX
——DOX

M| & L L PR
107" 10°
DOX concentration (mg L

904 3

601

Cell viability (%)

——PDM/DOX
—o—PLM/DOX
——=SCM/DOX

30F ——pox

107! 10°
DOX concentration (mg )

In vitro proliferation inhibition efficacies of PDM/DOX, PLM/DOX, SCM/DOX and DOX toward HepG2 cells after incubation for

[
(=)
T

(=)
S
T

Cell viability (%)

—o— PDM/DOX
—o— PLM/DOX
40F _a~ SCM/DOX
—— DOX

107" 10°
DOX concentration (mg L™

Fig. 12 In vitro cytotoxicities of PDM/DOX, PLM/DOX, SCM/DOX and DOX toward 1929 cells after incubation for (a) 24 and (b) 48 h

Data were presented as mean * standard deviation (n=3).

DOX M Fb , 2% 24 Ji A % 1929 41 Jifd iy 75 4k 4 /1N (
P 12)  1C5, {8 i, DA T 2 W i A A 6 48 T L o
BT J68 245 %of 1 5 20 SUR 4R ) 2 A A

3 4
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DLA 8¢ LLA JF 3545 il £ WU PEG-PLA Xf Bk
LY. B A R 2 R Wy a] LA K B b 3 A
BCERAR S AR, I T 6 480485 A 45 i 98 25 9 DOX.
5 B, SCM H A7 B 0% 19 45 # L B /N
R KA R a7 1 2 2 %0 %6 SCM/DOX TR, B
A2 ) DOX B, 7] LA R ¢ PDM/DOX Al
PLM/DOX ({5 8. #5245 U PEG-PLA Ji¢ o8 Jt H

J& SCM/DOX X} HepG2 4 fitl HLA [ 4f- (1% 34 4 411
HROCR, I B A 5 B A k. 55 Ah, S
DOX M L, 2% 25 i o X 1929 41 fifg B A %5 /)N (1 35
R NTIRTTEL RN WL ETR 7/ PO = R i
JEEEPE A R REPE. AL IR ST I A TR — 20 R
025 6], A0 51 3 gl B 1) 5 PR v L AR A A
1 PEG Il PLA % B[] 51 A 20 Jfg A 34 58 i 1oy 8 3%
22 B T Y JHL 40 i R L 1) R Y 2 R 2 A i A
L R & H DLC 5 DLE 2. K ik, U PEG-PLA
SEAR S A5 T AT LAAR SRy — o 095 1 £ S P 24 49 1
AR T A MR AT OF BA AR R ik — A5
R =S ).
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Stereocomplex Micelles Based on 4-Armed Poly ( ethylene glycol ) -Polylactide
Enantiomeric Copolymers for Drug Delivery

. 2 . . 2 % . 2 . * . . 2 . 2
Dong-hong Liu"?, Jian-xun Ding’" , Wei-guo Xu®, Xiao-feng Song'“ , Xiu-li Zhuang’, Xue-si Chen
(' School of Chemical Engineering, Changchun University of Technology, Changchun 130012)
(* Key Laboratory of Polymer Ecomaterials, Changchun Institute of Applied Chemistry, Chinese Academy of Sciences, Changchun 130022

Abstract In this study,the stereocomplex micelles derived from nonlinear poly ( ethylene glycol) -polylactide
(PEG-PLA) enantiomeric copolymers were designed and prepared for drug delivery. First, the 4-armed PEG-
PLA enantiomeric copolymers were synthesized through the ring-opening polymerization of D-lactide ( DLA)
and L-lactide (LLA) with 4-armed PEG as macroinitiator and stannous octoate as catalyst. 4-Armed PEG-b-
PDLA micelle (PDM ) , 4-armed PEG-b-PLLA micelle (PLM ) and 4-armed PEG-b-PDLA/4-armed PEG-b-
PLLA stereocomplex micelle (SCM) were prepared through nanoprecipitation ,and the morphologies, sizes and
stereocomplex mechanisms of micelles were systemically characterized. It was found that the SCM showed more
compact structure ,smallert dynamic diameter and critical micellization concentration in contrast to PDM and
PLM. Doxorubicin ( DOX) ,a model antitumor drug,was loaded into micelles,and SCM exhibited the best drug
loading capability compared with PDM and PLM. In addition, the DOX-loaded 4-armed PEG-PLA micelles,
especially SCM, showed more efficient and durable capabilities for malignant cellular proliferation inhibition
(e. g.,HepG2 cells,a human hepatoma cell line) ,and exhibited less toxicities toward normal cells(e. g.,1.929
cells,a mouse fibroblast cell line) , which revealed the great prospect of SCM for potential antitumor drug
delivery.

Keywords Malignancy therapy, Controlled release, Stereocomplex micelle, Polylactide, Nanoprecipitation
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